Reasons for performing study: Oro-dental disease can have a significant impact on equine welfare. Objectives: To determine the prevalence of oro-dental disease and to identify risk factors for oro-dental disorders and poor body condition scores (BCS) in a working horse population in Egypt. Study design: Cross-sectional survey. Methods: Oro-dental examination was performed on 450 working horses in 2 Egyptian provinces. Horse and management historical data were collected and horses were assigned to no/mild, moderate and severe dental disease categories based on findings on examination. Multivariable logistic regression and generalised additive models were used to identify risk factors for oral mucosal injuries and very poor/poor BCS, and to explore the relationship between age and different oro-dental disorders. Results: Oro-dental disease was common, with 45.3% and 8.4% of horses considered to have moderate and severe oro-dental disease, respectively. None of these horses had previously undergone any form of proper dental examination and treatment by trained personnel. Oral mucosal injuries (64.2%) and sharp enamel points (79.8%) were most common. Oral mucosal injuries were significantly associated with increasing age (odds ratio (OR) 1.1, 95% confidence interval (CI) 1.01-1.1, P = 0.03), focal dental overgrowths (OR 2.4, 95% CI 1.4-4.0, P = 0.002) and sharp enamel points (OR 6.3, 95% CI 3.5-11.0, P<0.001). Very poor and poor BCS were significantly associated with severe dental disease (OR 2.6, 95% CI 1.2-5.8, P = 0.02), horses aged 16-30 years (OR 3.5, 95% CI 1.7-7.0, P = 0.001), height (OR 0.9, 95% CI 0.9-0.97, P = 0.001) and packed cell volume (OR 0.9, 95% CI 0.85-0.95, P<0.001).
Introduction
Oro-dental disease is common in equids particularly when routine dental care is not undertaken [1, 2] and has been associated with poor body condition, weight loss [3] and increased risk of colic [4, 5] . Compared with more visually obvious welfare issues such as lameness and wounds, equine oro-dental disease is a neglected welfare issue [6] and has received little mention in the welfare assessment schemes of working equids [7, 8] . Lack of availability of trained personnel, appropriate dental equipment and the time and effort required to perform dental examination and treatment are the main constraints to delivering routine dental care to working horses in developing countries [9] .
Most published equine dental studies have been conducted on clinical cases in hospital settings [10] [11] [12] or using cadaver material [13] [14] [15] [16] , and these have furthered our understanding of the pathophysiology of various dental disorders. Field surveys have a key role in determining the prevalence of oro-dental disorders and providing evidence that will assist veterinary surgeons' and owners' understanding of the impact that dental disease has on equine health and welfare. A limited number of these studies have been performed in working equids. Fernando-Mart ınez et al. [17] and du Toit et al. [18] conducted surveys of dental disorders in working equids in Mexico and reported a high prevalence (13-18%) of severe dental disease. Other studies have also reported the types of orodental disorders found in working equids in Ethiopia [19] , India [20] , Morocco [21] and Egypt [22] . However, the latter studies performed limited statistical analyses of the data and the relationship between dental disorders and systemic health was not reported.
Statistics from the Food and Agriculture Organization (FAO) have shown that the total number of horses in Egypt has doubled from 35,000 to 74,050 between 1993 and 2013 [23] . The proportion of working horses is difficult to estimate due to lack of official records. However, there has been a noticeable increase in the number of working horses in Egypt, replacing donkeys for agricultural work and for rice farming processes in particular (observations of primary author). There are few published data about the prevalence and types of oro-dental disorders in working horses in general, and within Egypt in particular, which limits the amount of evidence-based information available. Such information is a key to the design of educational programmes for horse-owners and veterinary surgeons about equine dental health in developing countries.
The aims of the current study were to investigate the prevalence of different oro-dental disorders in a working horse population in Egypt and to explore the relationship between dental disease and systemic health. In addition, we sought to determine how owners of these horses recognise dental related clinical signs and the frequency with which they seek dental treatment for their horses.
Materials and methods

Data collection
The study was conducted on working horses in the Al Sharquiya and Al Dakahliya provinces in Egypt between 27 September and 8 November 2014. The timing of dental examination was specifically targeted to avoid the onset of the 'green season' in Egypt (November-May) when horses are predominantly fed on Egyptian clover 'Berseem'. This diet results in green/ black staining of the oral mucosa making it difficult to identify oro-dental disorders. A mobile clinic was used to visit horse-owners at their villages. Announcements about the study were made at local community gatherings and via local veterinary surgeons. Horses of all ages, regardless of any history of dental examination and regardless of any concurrent medical conditions were eligible to be included in the study Horses were examined unsedated using a full mouth speculum, a lavage syringe, dental mirror, dental probe and a headlight. The primary author performed all dental examinations and was appropriately trained in performing dental examination and recognising various oro-dental disorders. Where oral examination could not be performed without sedation, horses were excluded from the study. A predesigned dental examination sheet including a checklist of dental disorders [2, 24, 25] was completed for each animal (Supplementary Item 1). Images were obtained for identified oro-dental disorders using a digital camera for review by one of the co-authors. Lesions classified as oral mucosal injuries comprised ulcerations and/or buccal calluses (defined as loss of superficial epithelium with evidence of necrosis or areas of mucosal epithelial hyperplasia) and lacerations (defined as tears in the oral mucosa). Lingual scarring was defined as evidence of old lacerations and other healed tongue injuries with resultant scar tissue formation, e.g. due to inappropriate bits or use of tongue twitches.
Oro-dental disorders were assigned into one of 3 categories. 'No/mild dental disease' was defined as horses that had normal dental arcades; or had sharp enamel points but the oral mucosa was normal and there was no pain response to palpation of the cheek; or had cheek teeth fractures that did not involve pulpar exposure; or had diastema(ta) with no evidence of associated soft tissue inflammation. 'Moderate dental disease' was defined as horses that had wear abnormalities such as focal dental overgrowths and sharp enamel points that caused buccal calluses and/or mild ulceration; or horses that had diastema(ta) associated with periodontal disease. 'Severe dental disease' was defined as horses that had severe soft tissue damage likely to result in oral pain due to wear abnormalities, cheek teeth fractures or displaced cheek teeth; or horses that had evidence of periapical infection such as a draining tract and/or swelling on the mandible or maxilla.
Horses' ages were estimated by examination of incisor morphology together with information provided by the owner. Height and weight were estimated using a measuring tape (Easy-Measure â ) a and body condition score was evaluated on a 6-point scale of 0-5 [26] . Information about signalment, use, diet and history of any clinical signs that might be associated with dental disease was also recorded. Blood samples (5 ml) were collected from the jugular vein into Vacutainer tubes b containing EDTA and were used for laboratory estimation of packed cell volume (PCV) and total plasma protein (TP). Following centrifugation of samples in microhaematocrit tubes, PCV was determined and TP was measured using a refractometer. All the data were inputted into a database (Epi Info TM 7). [28] with Bonferroni adjustment following the Kruskal-Wallis test. The frequencies of dental clinical signs that were reported by horse-owners were compared between the dental disease categories using a Chi-square test. The effect of horses' age on the log-odds of oro-dental disorders and dental disease categories was investigated using generalised additive models (GAMs) [29] and univariable logistic regression. Generalised additive models fit nonparametric functions such as cubic smoothing splines to the data and produce Chi-square P values for nonparametric effects. The results were displayed graphically to visualise these relationships ('the smooth').
Multivariable logistic regression models were built for 2 outcomes: oral mucosal injuries (Model 1) and BCS category 0-1 (very poor/poor, Model 2). Preliminary screening of all variables was performed using univariable logistic regression (Supplementary Item 2) . The functional forms of the relationships between continuous predictor variables and outcome variables were examined using GAMs and variables that demonstrated significant nonlinearity were categorised. Variables with a univariable P value of <0.25 were considered for inclusion into multivariable logistic regression models. The models were built using forward stepwise selection procedures and variables were retained if their inclusion resulted in a likelihood ratio test statistic of P<0.05. Eliminated variables were then forced back into the relevant model to assess for confounding, and biologically plausible interaction terms between variables remaining in the final models were evaluated for statistical significance. Model fit was evaluated by the Hosmer-Lemeshow goodness of fit test statistic and model stability was assessed by examination of the standardised deltabetas. Statistical analyses were performed using Epi Info TM 7 c and Stata [30] were used to fit GAMs. Statistical significance was set at P = 0.05.
Results
Study population
In total, 460 horses from 41 villages and 2 cities (Supplementary Item 3) were presented to the clinic. Full dental examination was performed in 450 horses; 10 horses were excluded because they were either too aggressive to be examined unsedated or their owners were unwilling to have the horses' mouths examined. Horses had a median age of 6 years (range 0.7-30 years) and a median duration of current ownership of 2 years (range 1 month to 20 years). The horses included 270 (63.1%) females, 156 (36.5%) stallions and 2 (0.5%) geldings (data not recorded for sex of 22 horses) and had a median body condition score of 2 (range 0-4). None of the horses recruited to the study had previously had a dental examination performed by a qualified veterinarian or dental technician under current ownership. Nine horses were reported to have some previous dental procedures in the form of cutting of canine teeth and/or teeth rasping performed by a farrier in 5 horses, by a friend in one horse and by the owner in 3 horses. This was undertaken following observation of quidding (n = 5), poor appetite (n = 1) and excessive salivation (n = 3). Of this group of horses, when full oral examination was performed, one had evidence of severe orodental disease (several cheek teeth fractures, oral ulceration and periodontal disease), 5 horses had moderate oro-dental disease (sharp No/mild and severe dental disease categories were compared with the whole cohort while the moderate dental disease category was compared with no/mild and severe dental disease categories separately. A Chi-square (v 2 ) test P value <0.05 indicates the variable has a nonlinear relationship with the log-odds of the outcome variable, a smooth term of P value <0.05 indicates a significant effect on the log-odds of the outcome variable. Variables that showed linear relationships were further examined using univariable logistic regression. LRT = likelihood ratio test, CI = confidence interval. enamel points associated with mild oral ulceration) and 3 horses had no oro-dental disease.
Signs of dental disease
Clinical signs consistent with possible oro-dental disease prior to examination were reported for 36.7% (165/450) of the horses. These included quidding (n = 127), weight loss (n = 58), poor appetite (n = 45), excessive salivation (n = 5) and nasal discharge (n = 4). These signs were reported in 21%, 44.6% and 79% of horses that were assigned to no/mild, moderate and severe dental disease categories, respectively. This was significantly different between groups (P<0.001). Of the horses that were reported by the owner to have clinical dental signs, 73% were found to have moderate or severe dental disease on examination. Clinical signs identified during examination were facial swelling (n = 4), buccal food impaction (n = 40), draining tract on the mandible (n = 2), halitosis (n = 4), enlargement of mandibular lymph nodes (n = 2), nasal discharge (n = 2), evidence of poorly digested ingesta (long fibres) in faeces (n = 2) and quidding (n = 1). The latter signs were identified in 49 (10.9%) horses.
Oral mucosal injuries
Oral mucosal injuries were identified in 289 horses (64.2%). Ulcerations and/ or buccal calluses were evident in 287 (63.7%) horses. The primary causes of these were considered to be enamel overgrowths (85.9%), focal dental overgrowths (5%), displaced cheek teeth (0.7%), bit related injuries (0.7%), retention of deciduous caps (0.7%), and fractured cheek teeth (0.7%). Lacerations of the oral mucosa were identified in 11 horses (2.4%) and were Graphical illustrations of the estimated relationships ('the smooth') between horse age (years) and the log-odds of the 3 dental disease categories and 3 oro-dental disorders. The plots show fitted curves with 95% confidence intervals (dashed lines) and the rug plots along the x-axes represent the number of data points. The dotted horizontal lines are at log-odds = 0.
Equine Veterinary Journal 49 (2017) 26-33 © 2015 EVJ Ltd considered secondary to a focal dental overgrowth (n = 4), sharp enamel points (n = 1) and bit related injuries (n = 1). Awns from poor quality wheat straw were found lodged in some of these lesions (n = 29); however, it was not clear whether these were the primary cause. Other less frequent soft tissue disorders included lingual scarring (n = 5), facial swellings (n = 4) and oral masses (n = 2). In a multivariable model built with oral mucosal injuries as the outcome of interest, increasing age, focal dental overgrowth and presence of sharp enamel points were significantly associated with this type of oro-dental disorder (Table 1) . Feeding rice bran was retained in the final model as it significantly improved model fit.
Incisor disorders
Disorders of the incisors were identified in 23.6% (106/450) of the horses. These included malocclusions: brachygnathism (7.8%, n = 35), abnormal wear (4.6%, n = 21), ventral curvature (1.1%, n = 5), diagonal bite (0.9%, n = 4) and prognathia (0.7%, n = 3); eruption and teeth alignment disorders: diastema(ta) (6.9%, n = 31), missing incisor teeth (0.4%, n = 2), deciduous caps (1.8%, n = 8), rotated teeth (0.4%, n = 2) and loose teeth (0.4%, n = 2); periodontal disease (3.1%, n = 14); and caries (2.7%, n = 12). These disorders were considered of clinical significance in 19 (18%) horses.
Cheek teeth disorders
The prevalence of different cheek teeth disorders, their Triadan locations and number of abnormal teeth are summarised in Table 2 . First premolar teeth (05s) were identified in 209 (46.4%) horses and were unerupted in 2 horses. Sharp enamel points were identified in 359 (79.8%) horses. These were located at the buccal aspect of maxillary cheek teeth arcades only in 104 (29%) horses, at the lingual aspect of mandibular cheek teeth arcades only in 13 (3.6%) horses and concurrently in both dental arcades in 242 (67%) horses. Based on evidence of concurrent oral mucosal injuries and a painful response exhibited by horses when the cheeks were palpated, sharp enamel points were considered clinically significant in 241 (67%) horses.
Cheek teeth diastemata were evident in 41 (9.1%) horses; these were open diastemata in 20 horses (48.8%) and valve diastemata in 21 (51.2%) horses. Diastemata were considered clinically significant in 12 horses (29.3%) based on the extent of associated periodontal disease. Periodontal disease was diagnosed in 30 horses where the perceived causes were diastemata (n = 14), deciduous caps (n = 5), food pocketing between the dental arcades and buccal mucosa (n = 3), cheek teeth fractures (n = 3) and apical infection confirmed by the presence of a draining tract on the mandible (n = 1). Cheek teeth fracture types that were identified included maxillary buccal slab fracture (n = 4), mandibular buccal slab fracture (n = 5), infundibular sagittal fracture (n = 2), miscellaneous maxillary (n = 4) and mandibular (n = 11) fracture patterns.
Relationship between age and oro-dental disease
The effects of age on the log-odds of identified oro-dental disorders and dental disease categories together with the functional form of these relationships are summarised in Table 3 . The graphical illustrations of the estimated relationships ('the smooth') between age and log-odds of the dental disease categories and 3 oro-dental disorders are shown in Figure 1 . The graphical illustrations of these relationships for other orodental disorders are provided in Supplementary Item 4. The estimated smooth of the horses' age (Fig 1) showed that the likelihood of no/mild dental disease is greater in younger horses and the likelihood of severe dental disease increased sharply after 18 years of age.
Relationship between oro-dental disease and systemic health
Of the horses examined, 46.2% (208/450) had no/mild dental disease, 45.3% (204/450) had moderate dental disease and 8.4% (38/450) had severe dental disease. Figure 2 shows some of the typical lesions that were identified on dental examination of 4 horses. There were significant differences in BCS (P = 0.002), age (P = 0.001) and body weight (P = 0.007) between the dental disease categories, whereas the mean height, PCV and TP did not differ significantly. Post hoc pairwise comparisons showed significant differences between severe dental disease and no/mild (P = 0.001) or moderate (P = 0.001) dental disease categories for BCS. Significant differences in age were found between no/mild and moderate or severe
Oro-dental disorders that were identified on examination of 4 horses; Horses a-c were assigned to the severe dental disease category while Horse d was assigned to the moderate dental disease category. a) A 25-year-old mare that had deep ulceration of the oral mucosa and sharp enamel points on the maxillary cheek teeth arcade. b) A 1.5-year-old colt that had lacerations of the ventrum of the tongue with some awns lodged in the lesion. c) A 17-year-old mare diagnosed with severe overgrowth of tooth 206 that resulted in deep ulceration of the oral mucosa. d) A 2.5-year-old filly that had food pocketing in the periodontal space and a retained deciduous cap. dental disease categories. The mean body weight differed significantly between moderate and no/mild (P = 0.04) or severe (P = 0.02) dental disease categories (Fig 3) . In a multivariable model, the likelihood of a horse being identified as having a very poor/poor BCS was significantly and positively associated with increasing age and being assigned to the severe dental disease category, while it was negatively and significantly associated with height and PCV ( Table 1) .
Discussion
This is the first study that has investigated the prevalence of and risk factors for oro-dental disorders and their effect on systemic health in a working horse population in Egypt. The results provide evidence of a high prevalence of oro-dental disease, a significant effect of oro-dental disease on systemic health and a total lack of routine dental care of horses in the study area. This evidence can be used to inform educational strategies for veterinary surgeons and horse-owners in Egypt and development of outreach programmes. Very few horses (2%) in the current study had previously undergone any form of dental examination and treatment, and in none of these horses had this been performed by a suitably trained person. This is in contrast with the UK and Ireland where routine dental prophylaxis was arranged by 83% of horse-owners [31] . This demonstrates lack of knowledge about the importance of routine dental care among working horse-owners in this part of Egypt. Around a third (36.7%) of horses examined were reported to have dental clinical signs by their owners and a large proportion (73%) of these horses were found to have moderate or severe dental disease on examination. These findings suggest that horse-owners are able to identify signs of oro-dental disease. However, dental treatment was not sought which may be in part due to the lack of trained veterinary surgeons or dental technicians with the appropriate equipment to perform dental examination and treatment [6] in this area of Egypt.
Sharp enamel points and focal dental overgrowth were the most common dental disorders found in this study, which is consistent with previous dental surveys in horses [32] . Oral mucosal injuries were also common (64%) with similar prevalences reported in other studies [33, 34] . When adjusted for age and types of feeds, horses diagnosed with sharp enamel points and focal dental overgrowths were around 6 and 2 times more likely to have oral mucosal injuries, respectively [33] . The findings suggest that relatively basic skills in dental examination and treatment to reduce enamel and focal dental overgrowths could have a significant impact on the health and welfare of this working horse population.
There were positive and significant associations between increasing age and presence of oral mucosal injuries, incisor disorders, sharp enamel points, hooks, wave mouth, worn teeth, infundibular caries and dental fracture in an approximately linear relationship. The effect of age on the prevalence of dental disorders has previously been reported [1, 2, 18, 33, 35] . In previous studies, the age of the animals was categorised using different cut-off points where younger age groups were shown to have a significantly lower prevalence of dental disorders. Sharp enamel points, however, were found to be significantly higher in donkeys aged 0-10 years old in one study [2] and cheek teeth fractures did not differ significantly among age groups in another study [1] . The current study has also demonstrated a significant linear effect of age on the prevalence of no/mild dental disease where increasing age was associated with a decreasing number of horses assigned to this category [14, 18] .
In the current study, older horses were more likely to have a severe dental disease; however, a number of younger horses were diagnosed with severe dental disease, and therefore routine dental care should not be preferentially directed toward older horses. There was also an interesting triphasic relationship between horse age and the prevalence of periodontal disease. The likelihood of periodontal disease increased between the ages of 2 and 6 years and then decreased steadily until around the age of 17 years when the likelihood increased again. A similar pattern was also evident for diastemata, but the second peak started at around 10 years of age. Baker [16, 35] reported the same pattern for periodontal disease prevalence and proposed that the period of eruption of permanent dentition is critical in the pathogenesis of the disease which seems to be reversible during this period of horses' life. Walker et al. [10] have reported greater prevalence of diastemata at age extremes of 1-5 years old (39%) and 26-30 years old (87.5%) which would be consistent with the results of the current study.
Horses diagnosed with severe dental disease in the current study were more likely to have a lower poor BCS and to be of significantly lower body weight compared with horses assigned to other dental disease categories. Association between dental disorders and low BCS has been reported for working donkeys [3, 17] . Our results are in contrast with other studies [18, 19, 34] that reported no association between BCS and dental disorders. Increasing height and age range of 0.7-15 years were associated with decreased risk of lower BCS in the present study. It is possible that height and age are acting as proxy measures for the purchase price of working horses and that taller and younger horses might be owned by more wealthy people who can afford to provide good quality feed for their animals. This age group was more likely to have moderate rather than severe dental disease, which might also explain this association. Horses identified with BCS 0-1 (very poor/poor) were also more likely to have a significantly lower PCV compared with other BCS categories. Similar findings have previously been reported in a working horse population in Pakistan [36] . The association between higher haemoglobin and greater BCS values in the latter study was considered to potentially reflect horses that had better nutrition and less severe/chronic disease. It is likely that this also explains the findings in the present study, i.e. poor quality nutrition/severe dental disease may result in a lower BCS, and may be associated with a subclinical anaemia. Classification of oro-dental disease into 3 simple categories was based on the oro-dental disorders identified and their likely impact on individual horses' health. This was considered a practical classification taking into account that abnormal dental disorders such as small hooks, sharp enamel points and infundibular caries may have minimal impact on oro-dental pain and systemic health [5, 11, 12] . In the current study, 8.4% of horses were considered to have severe oro-dental disease, which is lower than the severe dental disease prevalence of 13-18.2% reported in working equids in Mexico [17, 18] . The definitions of the term serious dental disease used in the latter studies were slightly different. Serious dental disease was defined as 'any dental abnormality associated with soft tissue damage and interferes with proper chewing, compromising the buccal comfort and welfare' in one study [17] and the other study defined it as 'any dental disorder excluding focal overgrowth, buccal ulcers and calluses that might be associated with oral discomfort' [18] . Many horses identified with these disorders might have been assigned to the moderate dental disease category in the current study, which may explain the differences in the reported prevalence between the studies.
One limitation of this study was that selection of the study areas was not random. We initially aimed to systematically cover all big villages in 3 or 4 regions but there was a lack of willingness by some horse-owners or local veterinary surgeons to participate in the study, or communication was difficult in other instances. However, we believe this would have minimal impact on the study results. It is also important to note that almost all visited villages are not areas covered by animal welfare organisations in Egypt and that the results may have been different in other regions in which health programmes exist.
The current study has shown that oro-dental disease is common in this population of horses, is clinically significant in many and that no horses had undergone any form of full oral examination or appropriate dental treatment. This provides evidence of the need for an education programme for horse-owners and veterinary surgeons in the study area. Simple interventions such as removal of sharp enamel overgrowths could have a significant impact on the health and welfare of this population of horses.
